INTRODUCTION {#sec1-1}
============

Prostate cancer is the second most commonly diagnosed cancer, as well as the sixth leading cause of death in males with cancer worldwide.\[[@ref1]\] Cancer of the prostate (PCa) is now recognized as one of the most important medical problems facing the male population. The six hallmarks of carcinogenesis have been proposed as sustaining proliferative signaling, evading growth suppressors, resisting cell death, enabling replicative immortality, inducing angiogenesis, and activating invasion and metastasis.\[[@ref2]\] Recently, seventh hallmark as cancer-related inflammation (CRI) is added, which involved in the induction of genetic instability by inflammatory mediators, leading to accumulation of random genetic alterations in cancer cells.\[[@ref3]\] Inflammation has been found to be linked with various carcinomas such as lung,\[[@ref4]\] gastric,\[[@ref5]\] cervical,\[[@ref6]\] hepato-cellular,\[[@ref7]\] gall bladder,\[[@ref8]\] urinary bladder,\[[@ref9]\] pancreatic,\[[@ref10]\] esophageal,\[[@ref11]\] melanoma\[[@ref12]\] and prostate.\[[@ref13][@ref14]\] Inflammation has also been linked with tumor since 1863, when Rudolf Virchow discovered leucocytes in neoplastic tissue.\[[@ref15]\] Since then, chronic inflammation has been identified as a risk factor for cancer and even as means to prognosticate and diagnose cancer. The causes which stimulate this inflammatory response are multiple and include exposure to asbestos and cigarette smoke among others.\[[@ref15]\] Several inflammatory interleukins including IL-1, IL-6, IL-8, and IL-18 have been linked with tumorigenesis, which suggests that inflammation is associated with cancer development.\[[@ref16]\] The inflammation may cause genomic alterations affecting intrinsic cellular programs, e.g., cell cycle check-point control, programmed cell death, differentiation, metabolism and cell adhesion, in combination with epigenetic alterations affecting extrinsic programs, such as immune response, matrix metabolism, tissue oxygenation and vascular status and thus underlie human cancer development.\[[@ref17][@ref18]\] Only a minority of cancers are caused by germline mutations, while the vast majorities (90%) are linked to somatic mutations and environmental factors. Chronic inflammation has been implicated as an important environmental influence that can cause cancer. A recent study showed that the cause of chronic inflammation in cancer patients was chronic infection in 20%, tobacco smoking and inhaled pollutants in 30% and 35% to dietary factors.\[[@ref16]\] Inflammation has also been associated in various steps including tumorigenesis, cellular transformation, promotion, survival, proliferation, invasion, angiogenesis and metastasis.\[[@ref17][@ref19]\]

Tobacco consumption has been linked to various human cancers including lung, oral cavity, breast, esophagus, pharynx, larynx, urinary bladder, pancreas and liver cancers\[[@ref20]--[@ref24]\] but its association with prostate carcinoma is controversial. The mortality burden attributed to tobacco use may be influenced by inflammation, which may promote cancer development and progression. There are more than 5,000 identified chemicals present in cigarette smoke\[[@ref25][@ref26]\] and 55 of these have been evaluated by the International Agency for Research on Cancer (IARC) as showing 'sufficient evidence for carcinogenicity' in either laboratory animals or humans.\[[@ref24]\] Tobacco contain carcinogens like polycyclic aromatic hydrocarbons, aldehydes, benzo\[alpha\]pyrene, ethylene oxide, 4-aminobiphenyl and nitrosamines which are metabolically activated by hydrolysis, reduction, or oxidation by xenobiotic metabolism through phases I and II enzymes.

Among the identified environmental risk factors for cancers, tobacco exposure is the leading preventable risk factor.\[[@ref27]\] The habit of smoking and betel quid chewing is common in many Asian countries including India.\[[@ref28]\] Several studies have showed elevated levels of pro-inflammatory cytokines IL (IL-6, IL-12, IL-15, IL-17) in various malignancies.\[[@ref29]--[@ref31]\] Interleukin-18 (IL-18), a novel pro-inflammatory cytokine (a recently described member of the IL-1 cytokine super-family), is now recognized as an important regulator of innate and acquired immune responses. IL-18, (previously known as interferon-gamma (IFN-γ)-inducing factor), is expressed at sites of chronic inflammation in a variety of cancers and in the context of numerous infectious diseases.\[[@ref32]\] The role of IL-18 is well-documented in various human carcinomas but studies evaluating its role in prostate carcinoma are very rare.\[[@ref14][@ref33]\] Limited data have shown elevated levels of IL-18 in prostate carcinoma. Data linking chronic inflammation with tobacco intake in prostate cancer is lacking. This study was done on men with prostate cancer in densely-populated north Indian region who enrolled for treatment. The present study has been carried out to evaluate the association of various modes of tobacco exposure and inflammation status with disease, the comparative association of tobacco consumption by various modes with the expression of IL-18.

MATERIALS AND METHODS {#sec1-2}
=====================

Patient and control selection {#sec2-1}
-----------------------------

All newly diagnosed and previously untreated 284 men with cancer prostate attending urologic clinics of Sanjay Gandhi Post Graduate Institute of Medical Sciences, Lucknow and Chhatrapati Shahuji Maharaj Medical University, Lucknow, India between April 2007 and January 2012 were included in the study. During the same period, age-matched 294 independent (of patients) controls in which 239 were using tobacco in any mode but non cancerous and 55 healthy subjects with in controls as a non users (free from tobacco and alcohol exposures) but all controls were free from diseases, were enrolled by organizing various camps. The patients and controls suffering with diabetes, arthritis, cardiovascular disease, hepatitis, AIDS and other inflammatory diseases including prostatitis were excluded. The ethical clearance was taken from the Institutional Ethics committee. Following an informed consent, a standardized clinical proforma was filled by interviewing the patients for information concerning age, gender, tobacco chewing, smoking and alcohol intake (recall basis) and medical and family history for any cancer. All study subjects completed a questionnaire covering medical, residential and occupational history. Information concerning dietary habits, family history of disease, smoking, tobacco chewing and alcohol drinking was also obtained from the questionnaire filled by the patients.

Exposure factors {#sec2-2}
----------------

The exposure factors were recorded in cases and controls, which included tobacco use (smoking and chewing form tobacco), alcohol intake. Tobacco habit was categorized into smokers and chewers (use of non-smoking tobacco as powder or in beetle leaf or areca nut, catechu) and non users as those who were not smoking, chewing and drinking. Smokers were defined as those who have been smoking last ten years or more in the form of cigarettes, bidis (hand-manufactured cigarettes consisting of tobacco wrapped in a tendu or temburini leaf) or any other smoked form as hookah (Indian water pipe), chillum, or any other smoked form not less than 20 times weekly for the last 10 years or mores. Similarly, tobacco chewers were defined as those who have been using more than 20 packets of chewable tobacco products: Khaini (tobacco-lime mixtures), gutkha (tobacco with betel nut, catechu, lime and flavorings), or betel quid (zarda paan) with tobacco for last 10 years or mores. Alcohol drinkers were defined as those who consumed any alcoholic beverages (e.g., beer, wine and spirits) not less than 750 ml/week for 10 years or more. Moreover we also sub grouped the various combination of exposure as smokers with alcohol, chewers with alcohol and combination of the above two exposures with alcohol and alcohol alone. Information was gathered on the age of initiation of smoking and the self-reported quantity of specific tobacco products consumed by the users. Special emphasis was laid on the form of tobacco, which was used by the subjects and the duration of consumption was noted. The numbers of cigarettes/bidis being consumed daily were also noted so as to quantify tobacco consumption in terms of pack years but in this paper we are not giving such details as it will be more elaborative besides limited space. All exposures as tobacco chewing or smoking and drinking alcohol were included who have the exposure history not less than 10 years.

Sample collection {#sec2-3}
-----------------

Blood (5 ml in EDTA) was collected by venipuncture and immediately after blood sampling; serum was obtained by centrifugation at 2000 rpm for 15 min at 4°C and stored at -80°C until later analysis. Serum PSA, IL-18 (Bender Med Systems, ELISA kits Vienna, Austria) levels were determined using ELISA kits as per standard protocol of manufacturers. All newly diagnosed men with carcinoma prostate received treatment according to the stage of disease from the OPD. They were then followed 3 monthly for 4 years and 9 months and other tests to document recurrence or progression.

Statistical analysis {#sec2-4}
--------------------

Data were summarized as Mean±SE and in percentages. Initially the analysis of variance ANOVA was applied among tobacco users, non users control and cancerous patients group, if found significant, then pairwise comparison was done by using independent unpaired t-test. All the analysis was carried out by using SPSS 15.0 and Graph Pad Prism (version 5.0). The *P* value \< 0.05 was considered as statistically significant.

RESULTS {#sec1-3}
=======

Men (284) with prostate cancer fulfilled the inclusion criteria were included in this study. Of these, 26.8% men were tobacco chewers (betel quid, gutkha and Khaini), 33.8% men were tobacco smokers (cigarette, bidi etc), 5.6% men were smokers and also consumed alcohol, 3.2% men were chewers and also consumed alcohol, 7.7% men consumed alcohol only, 4.2% men were smokers, chewers and alcoholics and 18.7% were not using any tobacco product and non-alcoholic \[[Table 1](#T1){ref-type="table"}\]. IL-18 levels of pure tobacco chewers,smokers and nonusers with stages were summarized in \[[Table 2](#T2){ref-type="table"}\]. IL-18 levels of all tobacco exposure groups (smokers, chewers alone and in combinations,) of control and cancer groups were summarized in Tables [3](#T3){ref-type="table"}--[5](#T5){ref-type="table"}. About one-third (37%) patients were in grade III followed by grade-II (27%), grade IV (22.5%) and grade I (13%) \[[Table 6](#T6){ref-type="table"}\].
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Relation of prostate cancer stage between non-users, smokers, and tobacco chewers with Interleukin-18^\#^
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Tobacco chewers with various modes and their association with pro-inflammatory (IL-18) expression in prostate carcinoma patients and control
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Tobacco chewers with various modes and their association with pro.inflammatory (IL-18) expression in prostate carcinoma patients and control

![](TI-19-310-g004)

###### 

Relationship of IL-18 in controls and cancer patients according to alcohol use either alone or in various combinations
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Distribution of cancer patients by various stages, tobacco users (combinations), non users and alcohol users
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The Interleukin-18 (Pro-inflammatory marker) trends and tobacco exposure {#sec2-5}
------------------------------------------------------------------------

### Tobacco smokers {#sec3-1}

[Table 3](#T3){ref-type="table"} shows the relation between various modes of smoking on IL-18 levels as compared to the control population. We found that the IL-18 levels in tobacco smokers were high as compared to controls. The IL-18 levels differed according to the mode of tobacco exposure and the highest level was seen in bidi smokers, followed by cigarette smokers, chillum, hookah (bidis \> cigarette \> chillum \> Hookah).

Within control group, IL-18 levels with statistically high in tobacco smokers as compared to non-users. Similarly, significantly high levels of IL-18 were found in cigarette and bidi smokers as compared to non-users while it was not significant with chillum and hookah. In men with cancer, the IL-18 levels differed significantly (*P* \< 0.05) among cigarette, bidi, hookah, chillum smokers as compared to non-users.

On comparing the IL-18 levels between cancer patients and controls with the same mode of exposure statistically significantly (*P* \< 0.0001) difference in levels were found in cancer patients who were bidi and cigarette smokers than control bidi and cigarette users.

### Tobacco chewers {#sec3-2}

[Table 4](#T4){ref-type="table"} shows the relation between IL-18 levels with various forms of chewed tobacco. Among tobacco chewers groups the mean IL-18 levels showed a specific trend with the levels being highest in khaini chewers, followed by gutkha and betel quid chewers (khaini \> gutkha \> betel quid chewers). The levels of IL-18 were statistically significantly raised in cancer patients (who chewed tobacco in any form) as compared to controls. However, on comparing non-users controls with betel quid and gutkha users controls then the difference was not statistically significant.

### Tobacco exposure in combination with alcohol intake {#sec3-3}

The relation between IL-18 levels with alcohol use either alone or in various combinations of tobacco use has been presented in [Table 5](#T5){ref-type="table"}. The mean level of IL-18 was highest in men who consumed all three \[chewing, smoking and alcohol intake (CSA)\]. This was followed by men who were smokers and alcohol consumers (SA) followed by men was consumed alcohol alone and then followed by chewers and alcohol consumers (CA) \[CSA \> SA \> alcohol (alone) \> CA\]. The IL-18 levels in cancer patients were significantly higher in men who were CSA users, SA users and men who were drinkers as compared to cancer patients who were non-users. On comparing the IL-18 levels between cancer patients and controls with the same exposure, men in CSA and SA groups showed significant difference (*P* \< 0.01) than controls. The tobacco exposures in patients and controls and its corresponding level of pro-inflammatory levels were summarized in various Tables [3](#T3){ref-type="table"} and [5](#T5){ref-type="table"}.

### Tobacco exposure and various stages of cancer {#sec3-4}

The IL-18 levels were significantly higher (*P* \< 0.05) in men who were chewers and smokers as compared to non-users for stages III and IV cancer. The IL-18 levels were higher in men who were chewers and smokers as compared to non-users in stages I and II although, this difference was not significant, the results were presented in [Table 2](#T2){ref-type="table"} and its percentage distribution in [Table 6](#T6){ref-type="table"}.

DISCUSSION {#sec1-4}
==========

Exposure of different exogenous agents as chemicals in working environment for a long time may influence the physiological and biochemical metabolism. It may influence the prostate gland, the principal that such chemicals can alter the enzymatic activity has been established.\[[@ref34][@ref35]\] Moreover, animal studies demonstrated that prostate tumors can be induced by administration of chemicals.\[[@ref36]\] Furthermore, many studies suggest various exogenous chemicals may affect hormone levels which may in turn, affect estrogen levels and androgenic stimulation of the prostate.\[[@ref37]--[@ref40]\] This study was conducted in densely populated north-Indian region to evaluate the association of various modes of tobacco consumption with inflammation in prostate cancer patients by measuring the serum IL-18 pro-inflammatory levels. Our study provides evidence that tobacco chewing and smoking may be important contributors for inflammation. The patients who were involved in tobacco smoking alone and smoking in combination with other mode as chewing and alcohol drinking showed significant increase in inflammation in carcinoma patients than non-users. The subjects who were involved in tobacco chewing alone and in combination with smoking with alcohol also showed significantly increased in inflammatory levels but slightly lower than smokers.

IL-18 and IL-6 are important in the recruitment and activation of inflammatory cells. The reason for the aggravation and induction of these pro-inflammatory mediators is probably due to the activation of redox-sensitive transcription factor NF-kB.\[[@ref41][@ref42]\] This transcription factor has been shown to be activated by a wide variety of agents including stress, cigarette smoke, viruses, bacteria, inflammatory stimuli, cytokines and free radicals.\[[@ref43][@ref44]\] Tobacco smoke is a heterogeneous mixture that contains approximately 4,000 chemical compounds, including 40 different substances classified as carcinogenic to humans or animals.\[[@ref45]\]

Indices of increased local and systemic oxidative stress have been shown in cigarette smokers.\[[@ref46]--[@ref48]\] Several studies showed that both the gas and particulate fractions of cigarette smoke are rich sources of radicals, but the former are short lived.\[[@ref47]\] Exposure to toxic agents in chewers can be estimated from biological markers. Some perceive hookah is not harmful\[[@ref49]--[@ref51]\] because of the belief that the smoke gets filtered in the water.\[[@ref52]\]

One study suggested that regular smoking of marijuana and/or tobacco by young adults is associated with a high frequency of central airway inflammation. This injury is visually evident by bronchoscopy and is sometimes quite striking. At the microscopic level, there is evidence of airway inflammation in almost all smokers. These changes occur even in the absence of any symptoms or physiologic evidence of injury. The evidence for small airways inflammation was less striking in smokers of marijuana or tobacco alone, but quite prevalent in combined marijuana tobacco smoke. Collectively, these findings strongly suggest that smoking marijuana and/or tobacco has significant injurious effects on the central and peripheral airways, even in young and otherwise asymptomatic adults.\[[@ref53]\] Many studies have found that there is a synergic effect of cigarette smoking, alcoholic consumption and betel quid chewing in carcinogenesis of oral cavity mucosa.\[[@ref54]--[@ref56]\] Bidis contain tobacco and also contain other chemicals like hydrogen cyanide and ammonia. Bidis deliver more nicotine and contains more N-nitrosonornicotine (NNN) and 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanone (NNK) in comparison to cigarettes. Furthermore, compared to cigarettes, the mainstream smoke of bidi contains a higher concentration of several toxic and mutagenic substances, including hydrogen cyanide, carbon monoxide, volatile phenols and carcinogenic hydrocarbons such as benz\[a\]anthracene and benzo\[a\]pyrene in greater amounts than found in regular cigarettes.\[[@ref57]\] Bidis could actually be worse than cigarettes due to a lot many reasons. They contain less tobacco but more nicotine than regular cigarettes. They pose the same risks for cancer, emphysema, heart diseases, etc. as cigarettes. Also, to keep bidis lit, smokers have to take more frequent and deeper puffs as compared to cigarettes. So, smokers may end up inhaling more smoke and taking it deeper into lungs. Also, due to the misconception that bidis are herbal and, therefore less harmful. Thus, it may be the reason of increased pro-inflammatory levels than cigarette smokers. A recent study by the Canadian government found that cannabis smoke contained more toxic substances than tobacco smoke. The study determined that marijuana smoke contained 20 times more ammonia and five times more hydrogen cyanide and nitrogen oxides than tobacco smoke.\[[@ref58]\]

Smokers have increased rates of many cancers, especially those arising in the lung, head and neck, bladder and cervix and rare research on prostate cancer. It contains 1,014-1,016 free radicals/puff, which include reactive aldehydes, quinines and benzo(a)pyrene.\[[@ref59]\] Many of these are relatively long lived, such as tar-semiquinone, ROS has been implicated in initiating inflammatory responses in the lungs through the activation of transcription factors, such as nuclear factor NF-kB and activator protein (AP)-1 and other signal transduction pathways, such as mitogen-activated protein (MAP) kinases and phosphoinositide-3-kinase (PI-3K), leading to enhanced gene expression of pro-inflammatory mediators.\[[@ref60]--[@ref62]\] Recently, it has been shown that oxidative stress and the redox status of the cells can also regulate nuclear histone modifications, such as acetylation, methylation and phosphorylation, leading to chromatin remodelling and recruitment of basal transcription factors and RNA polymerase II leading to the induction of proinflammatory mediators.\[[@ref60][@ref61]\] Among these, NF-kB has been reported to play an important role in mediating cell survival and the up-regulation of many cytokines and pro-inflammatory mediators essential to the host and ERK1/2 has been reported to mediate transcription of proteases and cytokines in response to a variety of stimuli, including cigarette smokes.\[[@ref62]\]

In experimental systems, exposure to chewable tobacco products was associated with the generation of reactive oxygen species, modulation of inflammatory mediators and inhibition of collagen synthesis and impairment of DNA repair capacity.\[[@ref63]\] This study also showed an unique trends of IL-18 expression in subjects with prostate cancer, betel chewers alone and betel chewers with alcohol drink showed only slight increase in inflammatory levels as compared to non-users. This could be because of the anti-oxidant properties of betel as shown previously by researchers.\[[@ref64][@ref65]\] Similarly, areca nut or seed is consumed simultaneously with betel and gutkha chewing which also has a strong antioxidant activity\[[@ref66]\] but slight increase may be due to tobacco use with it.

Mechanistic studies on murine model showed a concentration dependent decrease in the extracellular production of nitric oxide in peritoneal macrophages. This decrease in the generation of reactive nitrogen species was mediated by the down-regulating transcription of inducible nitric oxide synthase in macrophages with concomitant decrease in the expression of interleukin-12. This study indicates the ability of betel leaf to down-regulate T-helper 1 pro-inflammatory responses.\[[@ref67]\] Another reason of difference in level of IL-18 during chewing and smoking may be due to its way of exposure as it may comes quick contact in blood through smoking via lungs and chewing take quite more time and it acted by several enzymes of gastro-intestinal tract.

In this study, the difference in Interleukin-18 levels in various modes may be due to processed and unprocessed tobacco or its products in its chewing form and smoking form. Our study does not prove that tobacco is an etiological factor for cancer prostate. Our study however, shows that the levels of inflammation (as measured by IL-18) are higher in man with prostate cancer who are smokers, gutkha users and combined tobacco and alcohol users. In our previous study, we demonstrated that the levels of serum IL-18 were well correlated with disease progression (TNM staging) of various groups and elevated in patients of carcinoma prostate as compared to controls.\[[@ref14]\]

The current novel pro-inflammatory markers of IL-18 is also documented with its higher expression in various other carcinoma as gastric,\[[@ref29]\] breast\[[@ref30]\] and oesophageal carcinoma.\[[@ref31]\] The pathways for IL-18 production are well documented but its clear mode of action in patients with prostate carcinoma is not well documented. The IL-18 performs its various biological activities via its capacity of stimulating innate immunity and both Th1 and Th2-mediated responses.\[[@ref68]\] It can also be speculated that IL-18 production by the normal adjacent prostate cells may reflect the degree of defense mechanism against tumor growth and dissemination of prostate carcinoma.\[[@ref69]\] This study may become more imperative if larger sample size included and some parameters like various occupational exposures may be included, but we try to reduce biases and confounding as patients from all occupational sites included, who come for treatment during study time. Strongest point of this study is this novel pro-inflammatory marker (IL-18) is measured first time in tobacco exposed group and with various modes and stratified manners. This type of study will definitely solve the puzzle of tobacco exposure in development of various untreated disease like cancers.

CONCLUSIONS {#sec1-5}
===========

Tobacco exposure has been represented as important risk factors in the development of various cancers, but this study provides further its role that seems to influence inflammation, especially in prostate carcinoma. Inflammation is now established as an important hallmark in development and progression of all cancers. Because these exposures factors are preventable, in light of the results found in this study and others like it, it is more imperative to stress to people the need to quit smoking or chewing tobacco for better life span.
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